I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Out-of-hospital cardiac arrest (OHCA) is one of the leading causes of death in Europe.\[[@ref1]\] A preferably early prognosis assessment after OHCA is important with regard to the duration and extent of the intensive-care treatment. The sooner parameters correlating with survival of post-OHCA patients are available, the sooner physicians can make well-grounded decisions concerning medical treatment. Moreover, potentially harmful and futile treatments can be avoided.

We initiated this study to investigate to what extent the arterial blood gas parameters correlate with mortality of patients after out-of-hospital cardiac arrest to estimate their value for prediction of mortality.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

Study design and patients' data collection {#sec2-1}
------------------------------------------

We conducted a single-center, retrospective study at University Hospital. The hospital has an annual patient volume of 73.000 and provides a catheter laboratory.

All victims of OHCA who were admitted to the hospital between January 1, 2008, and December 31, 2013, were retrospectively identified by the analysis of the central admission register of the Intensive Care Unit. Individual patient data were collected from the patients' health records and anonymously stored in a central database. The collected data included sex category, age, if the cardiac arrest was witnessed, if bystander cardiopulmonary resuscitation (CPR) was performed, if the initial rhythm was shockable (ventricular fibrillation or pulseless ventricular tachycardia), if preclinical return of spontaneous circulation (ROSC) was achieved, the electrocardiogram (including heart rate and the amount of ST-segment elevation myocardial infarction), systolic and diastolic blood pressure and the arterial blood gas values. We only used arterial blood samples that were taken within the 1^st^ h after hospital admission either in the emergency department or in the intensive care unit. For the analysis of blood gases, we used IL Gem^®^ Premier 300" (Instrumentation Laboratory GmbH^©^, Bedford, Massachusetts, USA).

The only exclusion criteria were a missing arterial blood gas analysis within 60 min after hospital admission. Data collection and analysis were approved by the Local Ethical Review Committee.

Study end-point {#sec2-2}
---------------

The average duration of mechanical ventilation after OHCA is 5.4 days and from the 6^th^ day on complications associated with ventilation increase.\[[@ref2][@ref3]\] Therefore, the patients' survival 5 days after resuscitation was chosen as the study end-point to show the correlation of the blood gas parameters with survival after OHCA without falsification by the consequences of intensive-care treatment -- including possible complications of long-lasting ventilation.

Statistical analysis {#sec2-3}
--------------------

Statistical analysis was performed using the Statistical Package of Social Science (SPSS 23.0, IBM, Armonk, NY, USA). Continuous variables were expressed as the mean ± standard deviation, and comparisons of categorical variables among groups were conducted using Chi-square tests and Student\'s *t*-test. *P* \< 0.05 was considered to be statistically significant. To investigate the statistical association between arterial blood gas parameters and mortality, we used logistic regression analysis. Based on definitions of former studies, we used the cutoff values for the blood gas parameters shown in [Table 1](#T1){ref-type="table"} for the dichotomization of the patient collective.

###### 

Cutoff points of the blood gas parameters based on definitions of former studies

![](JETS-10-134-g001)

In multivariate analyses, we examined whether the blood gas parameters showed an independent association with mortality after adjustment for potential confounders. As covariates we used the following parameters that are known to influence the patients' prognosis: bystander CPR, prehospital ROSC, age ≤ 65 years, shockable rhythm, early coronary angiography, and targeted temperature management.\[[@ref4][@ref16][@ref17][@ref18]\]

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Between January 1, 2008, and December 31, 2013, there were 204 patients after OHCA who were admitted to the study hospital. Thirty-four patients were excluded from further analysis due to missing arterial blood gas analysis within 60 min after hospital admission, resulting in 170 included patients.

[Table 2](#T2){ref-type="table"} shows the patients characteristics and the mean values of the arterial blood gas analysis taken within the 1^st^ h after hospital admission.

###### 

Clinical data

![](JETS-10-134-g002)

Eighty patients (47.1%) survived the first 5 days after resuscitation and sixty patients (35.3%) were discharged alive.

Logistic regression analysis {#sec2-4}
----------------------------

In univariate analysis, hypoxemia (odds ratio \[OR\]: 11.12; 95% confidence interval \[CI\]: 3.18--38.90; *P* \< 0.001), pH \< 7.0 (OR: 7.20; 95% CI: 3.11--16.69; *P* \< 0.001) and lactate ≥5.0 mmol/L (OR: 6.79; 95% CI: 2.77--16.66; *P* \< 0.001) showed the strongest association with mortality within the first 5 days after OHCA. The following also demonstrated a significant association with survival: hypercarbia (OR: 3.55; 95% CI: 1.81--6.96; *P* \< 0.001), oxygen saturation \< 94% (OR: 3.82; 95% CI: 1.47--9.97; *P* = 0.006), bicarbonate \< 21 mmol/L (OR: 5.83; 95% CI: 2.23--15.27; *P* \< 0.001), and base excess \<−17.40 mmol/L (OR: 2.90; 95% CI: 1.37--6.15; *P* = 0.005) \[[Table 3](#T3){ref-type="table"}\].

###### 

Univariate logistic regression analysis for 5-day-survival

![](JETS-10-134-g003)

After adjustment for the covariates in the multivariate analysis, pH \< 7.0 (OR: 4.29; 95% CI: 1.60--11.56; *P* = 0.004) and lactate ≥5.0 mmol/L (OR: 5.92; 95% CI: 2.03--17.25; *P* = 0.001) were independently associated with mortality within the first 5 days after OHCA while hypoxemia did not show independent association with increased mortality rates. In addition, an oxygen saturation \< 94% was independently related to increased mortality rates \[[Table 4](#T4){ref-type="table"}\].

###### 

Multivariate logistic regression analysis for 5-day-survival

![](JETS-10-134-g004)

Comparing the mortality rate in the dichotomized patient collective, [Figure 1](#F1){ref-type="fig"} shows that mortality within the first 5 days after OHCA was higher in the group of patients with pH \< 7.0 than in the group of patients with pH ≥7.0 (40 \[83.3%\] vs. 50 \[41.0%\]). [Figure 2](#F2){ref-type="fig"} shows that patients with lactate ≥ 5.0 mmol/L had a higher mortality rate within the first 5 days than patients with lactate \< 5.0 mmol/L (82 \[62.1%\] vs. 7 \[19.4%\]).

![Five-day survival of patients with pH \<7.0 and ≥7.0 (original)](JETS-10-134-g005){#F1}

![Five-day survival of patients with lactate \<5.0 mmol/L and ≥5.0 mmol/L (original)](JETS-10-134-g006){#F2}

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

An early prognostication of OHCA patients is still challenging for the attending physicians since there are no reliable indicators on which to make this decision. With the current evidence, early prognostication should not be done. Therefore, there is a need for early available parameters for an objective evaluation of the individual prognosis of patients after OHCA.

Neurological examinations evaluating myoclonus, somatosensory evoked potentials, electroencephalogram (EEG) signals, biochemical indicators for brain injury (neuron-specific enolase \[NSE\], protein S100B), and imaging procedures (computed tomography, magnetic resonance tomography) are used for predicting neurological outcome after resuscitation.\[[@ref19][@ref20][@ref21][@ref22]\] However, these previously investigated prediction methods suffer from different limitations: electrophysiological examinations are restricted in their predictive value due to high technical effort, susceptibility to failure and sedation.\[[@ref23]\] Besides, the sensitivity of the EEG is too low.\[[@ref24]\] Higher levels of S100B and NSE correlate with poor outcome, but these parameters are not available by the time of hospital admission, and the elevation of S100B and NSE only has prediction value after at least 24 h.\[[@ref4][@ref21][@ref24][@ref25]\] Imaging procedures do not allow precise prognostication because sensitivity and specificity are too low.\[[@ref26]\] Altogether, these methods do not allow prediction of early hospital mortality.

In contrast, the blood gas parameters are immediately available after hospital admission, and the only required input is an arterial blood gas analysis. Blood gas analysis is already part of routine clinical practice and does not mean additional effort for the staff. In addition, the blood gas analysis is easy to obtain and the results are early available. Besides, the parameters are independent from preclinical documentation. The advantage over clinical examinations is the independence from the examiners, which leads to objectivity. To the best of our knowledge, this study is the first to examine every single blood gas parameter to find the best parameter with the highest relevance for prognosis assessment.

The results of the presented study show the association between arterial blood gas parameters and mortality of patients after OHCA. Especially, pH \< 7.0 and lactate ≥5.0 mmol/L were independently associated with 5-day mortality after resuscitation. Hypoxemia was also associated with increased mortality rates but turned out not to be an independent influencing factor.

pH {#sec2-5}
--

The pH is a marker of duration and severity grade of the no-reflow-interval.\[[@ref17]\] Due to the loss of ventilation and perfusion, lactate and CO~2~ levels increase, resulting in metabolic or respiratory acidosis.

The results of the presented study show that acidosis is associated with poor outcome. In univariate analysis, pH \<7.0 was associated with mortality within the first 5 days after hospital admission \[[Table 3](#T3){ref-type="table"}\]. Multivariate analysis confirmed that even after adjustment for the covariates, pH \<7.0 was independently associated with increased mortality \[[Table 4](#T4){ref-type="table"}\], indicating that the pH is an independent influencing factor. Altogether our results confirm the previous studies, which demonstrated that the pH is an independent predictor of survival after OHCA.\[[@ref4][@ref17][@ref27]\]

Due to the fact that the pH is a marker of duration and severity grade of the no-reflow-interval, it can be assumed that low pH levels are associated with long duration of hypoxemia and poor CPR quality, explaining the poor prognosis resulting from acidosis.

Lactate {#sec2-6}
-------

Former studies described poor outcome and increased mortality rates after OHCA correlating with higher lactate levels.\[[@ref17][@ref28]\] This can be confirmed by our results: in the univariate analysis, lactate ≥5.0 mmol/L was associated with increased death rates within the first 5 days after resuscitation \[[Table 3](#T3){ref-type="table"}\]. This correlation of lactate ≥5.0 mmol/L with increased mortality in the first 5 days could also be shown after adjustment for the covariates \[[Table 4](#T4){ref-type="table"}\], indicating the independence of this parameter.

Lactate is the metabolite of anaerobic glycolysis and increases during CPR due to the insufficient circulation.\[[@ref17]\] Thus, high lactate levels indicate tissue hypoperfusion and hypoxemia in critically ill patients.\[[@ref29]\] Lee *et al*. demonstrated a correlation of high lactate levels and a longer duration of preclinical CPR, thus a longer time of low circulation.\[[@ref28]\] Consequently, the lactate level is a marker for the duration of the no-reflow-interval and the severity grade of ischemia.\[[@ref17][@ref30]\] This explains the adverse effect of high lactate levels on the patients' prognosis.

Oxygen partial pressure {#sec2-7}
-----------------------

Prior studies examined the relationship between oxygen partial pressure (PO~2~) and survival of patients after resuscitation and identified hypoxemia as risk factor for increased mortality.\[[@ref7][@ref9][@ref10][@ref31]\] These results are confirmed by our study: hypoxemia showed the highest increase in the risk of mortality within the first 5 days after hospital admission \[[Table 3](#T3){ref-type="table"}\]. One limitation of the eligibility of oxygen partial pressure PO~2~ for prognosis assessment in daily hospital routine is its dependency on the ventilation situation. We assume that the PO~2~ at hospital admission is a marker for the preclinical quality of CPR and ventilation and reflects the level of FiO~2~.\[[@ref9][@ref32]\] Similarly, in this study, the PO~2~ was not independently associated with increased mortality rates after adjustment for the covariates \[[Table 4](#T4){ref-type="table"}\]. Overall, hypoxemia showed the strongest association with mortality, but the usefulness of the PO~2~ for prognosis assessment is limited due to its deficient independence.

Limitations {#sec2-8}
-----------

We acknowledge several limitations. Due to its retrospective study design and the small study size, generalizability might be limited. Nevertheless, we were able to reproduce several other study results with our patient collective that showed multiple parallels with other patient collectives.\[[@ref33][@ref34]\] Therefore, our patient collective is representative for the OHCA patients, and our results can be transferred to other OHCA collectives. It is an observational study, which is why we could only show statistic association but no causality.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

Low pH (\<7.0) and high lactate values (≥5.0 mmol/L) were associated with 5-day mortality in post-OHCA patients. Even though these parameters showed an association with mortality after OHCA, they should be considered only as part of a multimodal approach to decision-making for prognostication after OHCA. We recommend to desist from too early prognostication after OHCA. Decisions concerning the withdrawal of life support or limitations of treatments should not be made based on one single parameter. However, the above-mentioned blood gas parameters are a valuable addition to other well-known prognosis factors, and our study results should encourage physicians to determine arterial blood gas parameters of patients after OHCA at early stage after hospital admission.
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